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Abstract of KR2001 0062282 



PURPOSE: Provided is an aqueous slurry that is 
particularly useful for removing silicon dioxide in 
preference of silicon nitride by chemical- 
mechanical processing. CONSTITUTION: The 
aqueous slurry includes abrasive particles and an 
organic compound having both a carboxylic acid 
functional group and a second functional group 
selected from amines and halides. The silicon 
dioxide is removed in preference of silicon nitride 
from a surface of an article by chemical- 
mechanical polishing. The method therefor 
includes polishing the surface using a polishing 
pad, water, abrasive particles, and an organic 




compound having both a carboxylic acid 
functional group and a second functional group 
selected from amines and halides. The abrasive 
particles can be dispersed in the aqueous 
medium or they can be bonded to the polishing 
pad. Therefore, they provide high silicon dioxide 
to silicon nitride removal rate selectivity over a 
wide range of pH, and are particularly useful for 
the fabrication of shallow trench isolation 
structures on semiconductor devices. 
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m gfgg sn*-:>i3R S3 on °ish aa a a sou sdsioi oi^a ^aiee si^wta *8i see 4=^ aaaioii a» 30m. s waoii 
5s ?S ^aiaife mm\ em % awi. » oiej ai ssa!»ss¥S ^ais^ 12 at^ia sfe s^i awes sse 

p.' £fi a ggg ^tif-OMR giDKHi 2I5H gj^ ^d|g0)l ^CKM OI&S ^EISS l»3fe SHUN 3& SOICf. 01 gfiS 20h§ IE, 

g" <xoua sia dj awi s oh&i ^ ff£2«9S£¥9 12 so- sfe sm&s* oisskm ssi sow 

t-'eiw s»a5 sow aife 4s dhssoii s&ai^ru, aohg ieoii attAiu * am. cs essi *a *aa a as p h 
a ?ioii as ^ as aas a oi&» ^eissi x« ^e aeiss issm, oit hiei sxion as sen* is ?sti s^ARten 

=31 ^golCf. 
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E 1S S9I2I CMP !fe£R2| 0|tf» USIE H g» 2DI- ^ES pH2| S^SAI EA1& HEHH0IC1. 

E 2fe SBHSI CMP ^SHEISI 1EI5 CH Oltf» 6iaB pH°1 »*SA| EAIS 32HH0IP-. 
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ax-iia a§ 

s c3 — I — 1 — 1 

asoi *%aa 31* si a aoi-21 seh3I£ 
s ass »^-?i3iai aa ssoii Msspi 9i et as tamoo aa soia. aa ?a^££fe, a »ss asr-21313 aoioii sish is 
°i saES¥Ei §a asiaoii saaoi oitui- asise a§j3°s aaata ssi saa ¥S gshsi. a aa-oi^R aaoii sish his 
°i sa°s¥Ei aa asieoii saaoi oiaa asiss a@REs unas argon aa aoio. 

flW-3|3|a| aoKChemical-Mechanical Polishing, "CMP")S aSSI 01 a APIS¥9 A|Sf£|01S J\&0\Q. Siaoil 2MH, CMPb ttEfl SI 

stDiaoiiAi us nns§oi aas ra asai a 21 sag aaaAispi ?ish §aa ;>i#sai aaa:»i aaa. cmp uias axiaoi a° 
in 01 ?i#s ai^ogfe aaa iE2f a* asi 91 bom &jx» ssaa aeisia oiaaoi »aaa. sw srssia aaaa ssi 
aaa a^ss asaa }ia§ soil aaoi, aow axis a^ aoi ?ife« ^mw\ aa. 

CMP DIs s SlUfe asisa as Sl-Efll a Ete SHOIBiaOII 1SS 2R SlSgOII £S SS!!x| ia(shallow trench isolation. STI) 

s asasc-ii asaa sti ases: a^s ¥oia in aeoiiAi ivm m\ a±wm mo\, seyxi^Ei) asiAisi om mown mm\ 
a aa ¥#e axias soick usaoii dhs aa na^si sis raes sisaa sat aesj safe so as aa ass 

Oil CHS- ¥fi« SSAI3I2 9LQ. 

sti ¥E#s |Ajao S ^ib^-oii tmm mm i^es asAia ¥, 01 s^es s§-a aas e&oii aa asia mm s^aise 
smi ssaa aa a sis as siaAiu ¥, one #01, ana sssianeiiiii o^g as % 011s ass aaaoi as aeyxii 
mm Mzm sa «5jo S asa mm s* ssh a as^Ess a sis ?ies ssh aaAiaa. oich/h. atREss oi^a ^aieai 
as saai xns°i #e a«r &bs msckm s^ais m@ixii aasi xh¥h §si ^aie se gfeci. oich/h, cmp smm ai§si 
01 in ^£is i§ as site oiasi iiEie # ¥se itishi assi ss axi« laaAiaci. aa ^ai^ §s sou ?ixi& g5jo S 
asa mm m a ^aie ^ieoi cmp s§ ea tssxi aasib sdi an ¥EKpoiishing stop)°sAi°i ^i^s sie^ 21 esq 

S^IAI SEOII SiCHAH, IS! ^£IS SS USM. 0« MO\, Mmm HF a §9" Oil SXIAI31 1^92, SSJXI0II OI^Sl <J5JSa* ^ 

3Bff°S*l STI ?3EMSAH 5|§oW SCK 0|O|A|, ¥?|2| 5§0| §^°S ^ISEIOI MBI^Eie 3|0|M ?£M§ l^ffCK 

^eis ^ia#oii sti =?&mm issfe cmp bji sa. am & h xi #°sai Aigcib aa aaaoii ¥asioi oian ^£iae M^m 
°s si^ai- ¥ aa mmm Aigsib 301 hes se># ¥ sicib a^oi 30m. oi^aiast, cmpoii 21a mm &eis£| 
^Efe 0011 aa»«i asfoi, cmpoii 21a oiaa aaiesi 1^ ^sa ^i^a a n«aoia. 

gjyi^ §j sg)gzpg°| ^ a oil a*i, "a§i§"oia goia cmp s§ aa a^a aonoii 21a a§i ^£ia2i i» ch 01 aa- aaae 
3g Pi ^£o| mi ^i^cfedi AieEisia. a§iss oiaa aaia in i^isia ¥E(aa^°s nm/min°s mm aaiasi n 
d\ ¥es usssMi ^sao. a £ii 21 cmp #ai£ia ii a» 10 oia, ai^°sa ^ 4 sa 521 a§i aaia ch oiaa ^aia2i asia 
s aataa. 

cmp HfH£i2i as aaia ch oiasi aaie2i &mgm &n sxisia aoi sscm. aaiu, aa a£ia2i «i» ^a* ejisi-a aoi a 
a sasm hue a^s a^iAi^ia a » ^aaisoii aaa aai sw« Aiaaa aai aoi sdi sat amm mesmi oiaa ^ 
sis saixi ea ea2i 1^ ^ei assi ^ ¥ 2iaa Aiaoi axiaoi aa. asm, 015 aa 52s aa asiasi i» ^e aa 
aaAi^ia gaoi ho\m. mm mm asia # ¥121 esaoii a&s sis ¥ aa, aa issoii aaeHxia as aa opiaiu 
¥ aa aaAi, cmp ^ si si on aojAi oiaa asias; ma ^e» siasi saAi^ia saioii, mm asia2i ^sa eimaa a 01 g 
aaa asm. 01 aa «ai ssai gEoii aoiAia a^s its isHxiof aa. aa asia2i jiiti ¥Ea oh¥ e&i saioii cmp 
S121 ^@H§oi ohs fee mi, a ai xi oiaa asia2i pgwishinom as aa aiaoi a^su ¥ an, a 1a aa asia aa an soi 
si^iaa ^aa eae axis ¥ aa. djem, ¥§ #^^sla sti 99011 aoi sasii xpi ?ish oisia axhM2i esoi sxn ¥ a 
oiaaa. 

CMP g§ a0 i ¥eoii sas g ¥ aa aae 1 aaa ^sisi2! p hoick sssi cmp sbiejoii aoi, aa2i p h eaa aoi ^e 
si a^aoii aa^a aoi« axis a aa. cmp ftsisia as ph ssnoii an mzm we aa ^sa fes a^§s aams^ as a 
01 aa^iaa. 

aass aaaaai aaaa as aa^a cmp ^ si si a as^Esa ¥§ aasis oHa(^, fes ph)soii sasioi aa a on aa« 
saaa oisia #asia a 10 oisk aa^Ess a 421 oiaa asiaoii cue a§i§Es oiaa asiaa aa asise aa§a as 
s aoa^ia asoi aa. 1 as aa asia pi oiaa asia2i m ^e &mgm isaa saxi cmp ^sisia sxieioh aa. asi 
a, a^i2i ana cmp ^asi a oie5!e as ph baoii ax fes aa asia en oiaa asia2i mn aE a^ias aamxia saa 
a. ' 

sasi(Hosaii) ssi 01a mm si5,738.8oosoBfc oiaa asiaa aa asias saaa aaa aaa &&mo\ jhaieioh aa. aasi 
a asa cmp ^sisia ¥§ oHa. aon aa, juaasm. si aa oiaa asia sj aa asiaa aasa asi§ aa« aa ¥ n 01 
asi aa^i» aa aai« saaa. sasi soil asa cmp ^sisiaoiiAi aama mm agga siaasma sa^a y\&itm\°i 
nmn aaaisi a§a)s ¥saxi aaa, ttsasoii^ia ^as saas^Ei aa asias i^aa asoiia sag oixia 
a°s bisxin aa. ^ia#sma aai aioiohai aoiaa as aaass asaxi aaa. sasi son asa sass sehsi cmp 
irsisi aaa s¥a aaias aaLHa, axi as ph sa(a 6 mxi a 7)uoiiAia asiaaa. 

asa(Grover) S21 Dia ^si 15,759,91 7a oil a sis si asis isas sa aa asia is aoi axi a oil saaa asa^i 
xH¥-isj oiaa 
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mz\Em mm?\ cmp sEiepi- jhaisoi sick asm soil tusa cmp ^aas ^**6i&. a. si sf 3 m 

II °f 11£| L |)£| pH0 || AH ^gAjoj /flg atfiteg Sff&Ch USUI §8 ^ All AH 0)1 A| 2, k 5 LH XI 2f 10021 4!EIS CH DI&SI tf£IS2| 
HP1 £348 a* 4 SiELK H2|£| *!A|0||gO||AH MUS £B!£jS 34.89S12, *J13°£ CH¥S2| 6!A|0||0||AHS 20 0l&h°| fiB|S 

01 aoi&cnn a asm a a. 

aOOKKodama) 52| EP 0 786 504 A20IIS a St AIBIS SXK S 9i &m S»8fte CMP SOhS SggOl :HA|E|01 SICK SCfOI- SOil US 

h cmp SDKS mm aibisoi ussh oichs- amesi d^oi ^th uEitma assun sick aaoi §21 a 21 21 .^ai 011 011 ah en 

a £12 £!@^S 32.5012, LWS2I ±JA|0f|0||A|S 20 0ISf2| G§!SO| gOjjSm. 

£moi(Ronay)2| EP 0 846 740 A1 Wife S0K1 axi, Si Ml« mO\ g El Oil g SO 0 IE! a SOI S390I W 500 LHXI 10.000SJ «EIHaiS£EK)| 
§| g-#S|S STI S CMP 6SIBPI- JDAISI01 SIP-. fcE)E|2| pHS 9 LHXI 1 1 £ $?X|£| CH 0^ 5KH, SL|O|0|| QJg CMP #aEPr OltfS- UEI 
53 III MZ\2 AhOICHI CHE §E2| ISSfeXI O|¥0|| 36101 S 01 (QS §ME 1SSKXI SO 5810. 

a El S(Morrison) §2| EP 0 853 335A20IIS EIIMEJ-D1I1 gfSfe 8K>|=*AK>| = SI 3»tf» ¥£31 J\ME PHH2| QMP #E|E|(SS2|SSfe 

¥£ dhuoii a^a isoiES gibishsi mmmm sssis sti sss fcEiEPl- jhaieioi sick seisoii djss jhis cmp ^eiepi a 

g^joj aa p| Ol^ffl 4!E|g2| ^Sj^g 4 LHXI 30E£ 3H£A|fJCH) fflO."*aiE|S| pHS 2f n LHXI 12.921 SCI gS S 

SB, SS2| .fi-H St!0||E STI S3 OH Al-goPI AS CMP #EHEPI S2|£|0| SiCK 0)11 sOK [Chemical Mechanical Planarization of 
Microelectronic Materials, by J.M.Steigerwald, S.O.Muraka, and R.J.Gutman, ISBN 0-471 -13827-4(Jon Wiley & Son Inc. 1997)] Oil S S! 
e!3E£ MZ\£2\ ^± tf»(Local Oxidation of Silicon) (LOCOS) Si CH^OII STI OlSofe 3!°! H|grS|&0| S2|£|0| SICK £PI S 

eis #EH2i cmp s§oi amsist mmm ye &m&m ataa haiokh sis etea. 01 sisoii cue ^set oHaaioii ae ssroii a 

SfOlt 2AISKU SIXI SCK 

ECIE S3 St! [A High Oxide:Nitride Selectivity CMP Slurry for Shallow Trench Isolation, by Sharath Hosali and Ray Lavoie, in Electrom 
echanical Society Proceedings Volume 98-7(1998), pages 218-234]0||S CMP 33 Oil 2|§H &S| MZmit 1» 41 BIS M0|2| M?\ 

^sj^ # gaAizjoa a a a #e-)epi ^haieioi sick tm saoii ^haieich sit ^aiait mm ^Eie°i m>i ^Eg ajflisfe ^haieixi 
&s geija si somsai m\ M\mm sseo. 01 see leiKcixi sg ^eis «oihoiiah ^ «p daise as 4 sicfe 
auis M2§ini sick nau, i@ae ^eis ?hoiihoii ch& mm°\ cmp #eiei2| uiiiie- nil »2i sssma seeioi sick 

ECl-g §-2 St! [Application of Ceria-based High Selectivity Slurry to STI CMP For Sub 0.18 im CMOS Technologies, by Ki-Sik Choi, Sa 
ng-lck Lee, Chang-ll Kim, Chul-Woo Nam, Sam-Dong-Kim and Chung-Tae Kim, CMP-MIC Conference, February 11-12, 1999, pages 
307-313]0||fe STI l^A|3|b SSOII A||E|0h^lXH CMP #EiE|2| A|§0| 3HAIEI01 SIHU, 01 #EiE|» CHS^I SISSFfeXIOII 5rtt 

s§ §ab HIS8I3 sixi am. 01 see cmp s§ §ei la ^Eie sdi- itxi 321 s^2i is oi-bhsi o\m\ ^Eieoi saa sgy 

flgSI as B9 SEH2J CI^OIEKH tfBIS @£S Sli»A|3PI flBH 0D| (dummy) ]W@S HfiS SfChS AI^OI 51A|£|GH SICK EElh 01 S 

sons ass flan 012^1 a a a- aheioi souoii sish ^aaixpf s^eis 5ia aasioi af2j2i snoi exhstcis ai^oi ana oh si 

EC|g S-3 se[AProduction-Proven Shallow Trench Isolation(STI) Solution Using Novel CMP Concepts, by Raymond R.Jin, Jeffery Dav 
id. Bob Abbassi, Tom Osterheld, and Fritz Redeker, CMP-MIC Conference on February 11-12, 1999, pages 314-321 ]0IIS CI^M ^± 
AI3PI ?I6H CHOI 1@S AlSSfe 3 Oil CH& S110I S2|goi SICK IfifS S^S M±E. Sfl 91 2D^ «=SI- SI CMP S§ Sei 
CI^S SI^^SPI SI6H ^S <y§l^ ES ¥ d§j^2| CMP ^ElEll 0IS6IS 30ICK 

01- XI B|°S, ECl-g S3 SSi[A Wide Margin CMP and Clean Process For Shallow Trench Isolation Applications, by Brad Withers, Eugen 
e Zhoa, Rahul Jairath, CMP-MIC Conference on February 19-20, 1998, pages 31 9-327] Oil S Mm 01^3. 10 BIIXI^S 0118, IsS £§i 

*j ga2 | amaoi es chdi #^ s^e mmA\m mam\ immt: his sj *ts^si enaoi chsioi ssskh sick oiae- sis 
oil chs sHsais nmin sixi am. 

SSI ^EISOll ¥^6101 0|^» 61 Bl SOII CH6H ^S UEHJ3 k3S pH SS S>S »8f 3|3I|S| SOh MfS 3j ^EHEloy CHff & 

SSILH2) fi?3|. SXHffCIS AI^OI #3|2J S2|S¥S 'XlStt 310ICK 



ttSOl 01 ¥3X1 51S 3>lir3 3H 

s aras »fii-?i?ii^ aoioii 2isH ys ph a?ioii i§2| as£S¥9 aa ^eisoii ¥dmoi oi^a ^ieiss <y^^as xi^sfe 
en s2^o| ti^ef 4=^ #aa« aisem. e vaoi me ¥s ^aas aon axi si ?i-s^tf^ awi, si oi-aj sj ttsaass^a 
^ajg- a^^| S 03,1 ^bss saem. w&^s aiai gfaoii sichah, mm axis aheioi- es eieiuow ssskh, ft?i 

S o-OfDIktf. OIIS #0H, H*&!, 3 Eli! ES S^US 5»»0. ¥S #E]EIS a2|£S pHg a» 4 LHXI 122| Sj»SjeJ S?ILHS SSSI 
3| 6! ES a^« 3E»tt ¥ SICK 

Eeh S ttSS »flt-3|3|a| SIM 2|8H 1S2| SS£5¥E| SSI AlBISOfl ¥4161-01 Ol^Sh ^EISS <Mi!|5!E£ l^Ste fclfltt SfflS 
X1IS&CI » &S2| glSS 2DIS IE, 8. 20K1 SXK Si 31 = ^4!^ SS3I2I- Oh&J .Si ttS3SfSS¥E| <!i!^£|S X1I2 SS^IS 3>S ¥ 

^1 sises Aig5ioi Hig2i see ^D^6^s e^iia seem, mm axis ¥a oHa^oii s^g?m, mm iheoii atfi ¥ sm. 
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a an*o| ai^» 4=*! si ass oiis mo], sti asaa ssa aoi mm aEie ch oiaa aEisa. sa as s^soii as suet 
"iSS sea sew ssaa. aa as^as aga a, oh&j a ttsa»es¥Ei s^as 12 aga» as sa mmm oiaa 
aEisa ia asfa sxhsmi asAiaxi assAH am aEisa 1a ^sa aaAiafa age aa. mm aEisa ia aEg aaai 
soi o^| a&g t£1 eaAi^ 5i» 4= agon si si- 01, oiaa aEissi *na asfa sou gE a aa, soig ihe°i aa a* a(E 

j=) go Q g CMp 52i g BSAI1J2SMI SIS 4= aa. aa aEIS 0) 0ia» aEIS 171 £i«SS a 5 LHXI 2* 5 00°1 gg fflfl 

lhoiiah sasr 4 aa. s ttaoii we ^EHe-i a aaoii AFgsifa as aaess aasasoia mem, 14* * aaoi sa 

fi2| 28 SS UEftHCK 

a ttasi on a as sjeh si ass §as ess mEiaoi s aas gAias-cni a^a as°£ ^es aa°i aaa &ahs ig°§ 
¥9 gaasi 4aaeoiJi oisHaa asa 20m. 



as a ¥& a as 

g ohwoii Dg 4.% #ai£ife as^&a aga, a ofEi si »saaes¥Ei a^as 2 a agaa £fa sa asaa son an« a 
&*Tq oi-ej a ssaiass an« §HEiAiaxi as wiat a&oi oiaa aoia. saiiah * ans naa aa £x« ssh, "uss 
as'oia sons sis asaaa a on a^same aoiag ass agso. aoiEaoi #13 a uhboii chsh nm sea sni ras 
on. es a1=*taia so omiE ?ts*t4itfoi aasaa. 

s asou as aeh eioii asafa aon ana aasi sa aaa 4»«aa. as ^agoii agaa 01 son sife cmp ^ayoii 
aifsog M§an at a»e son aih 5 »u oissi sags s»ar 4= sick sis aow 01 fa ^¥om, aii 
Joh urn sa ^s, sa ua. sa sa. «sok b» usis, mm aieis. sa ^s, eiehjok sa eib, sa ism, oimeiok 

^ Xl'sSUOK Si 0|M# 2SS-S 5ff»a. SXH. 2DH SXffc A||£|0m ElEHJOhOIO. 

01 on sxfe 2f 0 02 lh xi af 1.0 ohoiasoiQ a?isi S3 Bj\m ?>fc aoi u^sism, sich a^ifa sf 10 ofoiasoiaoicK aEfa n 
xlsiste ssfi as omu gjxpf y? ss 3¥, ^aiaisi m[ ^e^ sigaxi s» its ei 4» acm oi§m aom. as, an 
li¥ e a^oiite, son an°i hh^oii seitt 4= gifa saEHxpt ^» 4= aicua oisiia 501a. sow gjxfe sf 0.1 s 

S% LH xTef 60 EXHtt 4= 2i°ffl, ^ 0.5 LHXI ^ 10 SIS SflOICh 

^EM^At sj ofsj si ttS2Dass¥9 dj@iafe 12 s^^is s^fa s^i ases cmp ses- sa ^eissi i>i ^e* eii 
^ ^li-s ^awy 4=s #aiEi§oii Ahsafa s^i asME a^^as ate^i. s oi-sj si »s2«ass¥Ei ^@igfa 12 s^?i« 3* 
- Qotw mmm - §m Efe oissi itii se» 4= 2ia. biasa^ifa, 12 s^ifa a h a ?ixioiiai a=^as s^ioii hish a 
SxioSTSisa omiES, ummm^ a-o^iESoi mn s us 011 afsoii aitss s^i ameoia. i-nmm\ mn g mm\ 

qjs 4,^ fcgjBjoB AfSOII a§- HH^SS a-OmiESOICK ES, OS a-OfOIES, ^81 3EI&!. &E*y, O^^lb! Si Bli! Efa S ^S0|| a 

gafaQi aasaa. sa asas 4=^ ^aiej soil a 0.1 lhxi a 20 mms\ gtss siafa aoi aasan, ^enaia a 0.5 
§a% lhxi a 10 §a%a sis saoia. 

s Bfgoii as 4-s ^EiEifa a 4 lhxi a 12a ys p h s?ioii a« ms aa aais ch oiaa mzm°\ nm Mmsm uaao. aas 

a^l- 4=S *E)EI2l pHfa a 6 LHXI SM10IU. 4=S ^BHBIS) pHfa, fifiS 3¥ S Efa gDlft aao^ SS» 4= aa. SI HN0 3 a 4^ 

a) ^aiaioj a^APia as aass soia, koh a NH 4 oHa 4=^ Aaaisi p h« saAi3i?i ?is saoia. p h ssisi a^s 
gsaxife a°ffl. Hcia as as a a NaoHa as as sum s asm aAiasai ass- 4= aas aaoi oiaa aoia. es, * 
aiafa axisjoi as asia aa«si, ph asai, asaxn a aaa» as aa. 

s gisoii as as fcaiEia aa aEie ch oiaa aEia a^ss a 5 lhxi a sooes ss» a aa. £mss assess ^eieis 
a i? a asssi gfs eaAis ssaa. sti asMa sias ss ^eis seh «oiih^°i oiaa ^eis «se sea asaaafa 
aa as «axi gEoii aoixi, sow aaa as dhs§oii aaaoi as as aa meis ch oiaa aEiaa a^ss a 40 lhxi a 60 
oi aasaa. mm ana sag ieoii nation as as, soig asa ssh "cia-a sasoi asasan oiaxia ih 
son aa s #§iSoi asoian oiasa. 

oiPixiataiE. aoiEaoi aa aEis nn asoii chsh axis %n sai asas aaoi ^saaa. aa aEie mm°\ aa ass 1 

% = E | A | (oj'ot 4 o gg%a All &I Oh SDH SXh)e Al-gaa a 66 nm/min LHXI a 34 nm/minS Xia92, 4 % nj^Kgi 4.0 m&%3\ All 

Eia saisnm asaa a 1 nm/minaxi xiasa. aa aasa sa ass a=ay a eisoii a§H ans etnsn, oiae axi 
o 1% ^esah a a aEis sa as« aa 2.0 nm/min a 5.0 nm/minaxi xi as a. oiaa aEis^ a a ass sisals azi ga 
a»si sas sa aa#s aaaa asn S9si fe3fl sxiaa aoi ssaa chsoii oi es eaaa. aa es ssoii aoixn, oiaa 
aEis soi ass ^EiEiea aoiEaoi sxhsss ssh aas°s sss axis asa. 

i^og omiEa as saa safa aa a£ie 1a ass gaas aoiEa gsa aas gasoii aa oiaa aEia^ 1a 
=^e« /hah si a^Aisifa aoia. oiaa asie 1a ass dhs gs sehs aa aa, dhs ahahsi as a fa asoi aa cojsoii, aa a 
yaoii oiaa aEisa a^iss saspi ssoia. 1.0 sit* lhxi 4.0 §a%^ gsia-AiiEia #eheioii chs aa aEis a oiaa 
aEisa^ss 16 lhxi 70 saoia. uiasw, 1.0 s»% lhxi 4.0 ga%2i hss-aheioi aeheis soone yfa seise s^n t 
a afa sci gs aeiss iasa. 

#ehei3 pHb aEHEi s§| n g6 j-AHi£ioh ^EHEia sBisoii ohs as sss Jifi a aa. oiaa aEis xnia ass^ gss°s phoii 
jjai. s^^^ufoi §' a Ajyaoj 1:H aas°s a 6 lhxi s°i p hoiiah ssaa. pHa 8 lhxi ioes gaaa as, a a aEie 
oj a J ^- E fc nss-Aiiaioi- ^eheioii chsh a 1.0 nm/min oiws s^8^ xiasa. aa aEisa la ass ph loon ai Aiaaoi pH 
11 on ah (Eae-AHiEia #eheioii as)32i sin aaxi »s3« ga&a. aaxH, hms-aiieioi s eh ei gona aa aasoii sas oiaa 
aEisa Aj@iss a 6 lhxi sa ys ph saoii mm ¥ss aa, a 8 lhxi 1021 p h saoii mn ohs s aa ¥as axioi, 10 lh 

XI a 113 pH S ¥l CHI AH XHSISCK 
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mm 6I£I=2| MJi 2JBI0II CHff OfOIE^a 0H¥ 9SS aSSt 4» Sit OPHJSS aa MZm SSI Ha&Oll 'ai¥"l 

- »o. ^ oiq aaiti £Eb aaaa aa aiafi asteoi ^sibisoh sih* an. sa swes as aEis usa si-oh seaa 
»ss2smi aiaa etna * sick #BiBia P Ha e uxi gasi n. mmmn mm asia aaa asts ass^ *xian, a 
a a'bi«2| bit) aasMi aa. P Ha a easoii irk so aa aa sufgoi aeswu, &\ smea #¥ saga a 
a 5»*»a aoi ua aa a as nea aw ^sa umacK as ai Bison pish 33s saviaoi a saou 4^aa 201 ^skck 

»»S X02I S|B|fe pH 9 8 3W XI^EIffl, 01 AISOIIAI 1^1 gasPI ARsiCK pH 10 OI&0IIAK omiEtKa S9 aE|ga ^a aE 

w axis^i ^a»u as aEieaoiiAi aa si-oHa ssh ^e is eaa oi^a aEia aeon/da aoi sa» 4= sack mm asi 
■a mji 91 oiaa aasa las ^aisfc ohs^iua aiiia »§a asa omikaa ^2 a^asa a« sAiea. o^iea 

yXl «»g *aa OlDltaa SBSO. SS. OHJIktfOI CHtt S§H &4=b SEI40I 9.8, Eli! 01 10.5, HS&!0| 10.6 Si OlsaU 

012 5 aci asae »asm oma as aas a a ^e b^e &msi am tu^aacK Eia as o^ayon 2101 ^aa owtaa 
o\m\ aaaa xna ^e etaa seh» 4>e sick 01 &a aEisa ia ^Ea ow\±m cue* P Ka aa ±as aaa 201 sssm. 

m afWOII Km 4=£ ^ElElb #a aSSOl aSHXPI 2 Efe *0| SDH gJXW 4=£ OHagOII *&A|3| 1S» 4 SICK £&, S&IBIfe 2- 

aUb°£A| SISfif 4E 9XCm, S0IS4* ^g§0|| StfB 0OHSI tOIS* ££§a #31 »»■). £». .*a|Elte BJ.\ ^OIS^ 
1*5^01 2-SM AI^H§SI fe^S ^^!5fe Sl^olfe SSS ofe fe^e SEHS ISt 4 SICK 

[ia w «o' S != m g>M0|| 0}^ ±& ^EiElfe SD|g ME OB #E|E| ^g°l S¥B S&AI51 S^AI^ 4» SiCK 08* mO\, SOU 2J» » 
o^i »» g a «' W a mi c oil 5!§ S»AI€J ¥ #OIS4« IE Efe Sfe SBOU ^»0| ^ ®9X\M mm ABIEJ 

S waAIH ^aicT ECW 61 Al SEHOII SiOIAH. SOW gW» SOfS 1 = 011 1SAI3MU, SD^SS Sfe IE Efe HHj* 
Stt SSSuToil I HOW sEiEIM 84 All! 4> SICK S »S0II 0}g ^« = El El S| ^g^e Cfgfff »A|S S tt «0| S3! aSfllLHOII #EiE| 
fi a^AIll 4= SlCte AWOI 0|6H^ SOI CI- . 

ocsf oj| mm m°\ mm &=?mmw m\ & Et #011 mm mm «ibiei°i ssse s^aii 4=e sick oil* mok ^sibisoiiai seu 
5a asso^M^s -stn eemoi §^ ^uioiiah aEid* ssaih 4= sick ses. aois4»a su ra ««■ *j at omik^ a 
a nistoi s^i ass* aa'Aia 4^ sick coeiai, s sahiah » ¥^a baoiiah msb uia ^s "^EiEi»Efe gont a^-^Mi 
M otof ofoLfi die 21- aonafe e§ as moi°i 311 eon sxh^oi, a^aisoi mmnM ehs^uon/H 3K=^a^ ate^i. si oi-ej 
5 »s Jssi¥a ^isiab 12 a^is- ^ s^i smeoi a^at s^s §e^ asa ^se aoi&ate maioi oisheichoi: &ck 

crsh m tt «o 9 s*_5|3||jsi aow °ish isa aa°s¥Ei aa aEisoii ^aafw oi^a aEis# spispi ?i.e ti^e aai isfi 
n^'o^ag oioia mi = s mm aiK si a^^^ a^^ia om » »s2!ae^¥9 ^eigb 2 » a^i« at= s?i sfefsa 
aIssIoTissThbs abusife &5ii« s»»q. a 0^1 emsoi nwm\ Ji% sj^sai eih» aafe aiau, aois ieoii n§g 
oiatts 4=^ acfe Ai-aoi oiahs soick 



spia a ah 



life BXI S tfSS 0IIAI5PI ?l& SIEEiaEffl, E^S] g?|0|| fllSf} ^Sfe 325 01 CHECH Alt fiaO. 



aAioii 1 

(s asa aAi gfEHfe ohy) 

350 nma @2 *|EW ffl» 5.0 VOI&4-0I »*A|=N #3E|» «aA|»0. 0JWAJ 40; S8W2I KOH O^H 

EIOII atSKM PH« 9S S3SF21CK PH« 9.5S 5ii 3S Mm\H EQS #E|EI« g£A|?iCK « 5 #3 #E)E|« 15 

SKH 9.0, 9.5, 10.0, 10.5 Si 11.03 pH« 5JE«? ^SCK 

HiEyoiiaE^^aEiJiioiEdEos) a¥»i aaf s*raoii asH esai^j 1.0 ohoiaea oi^a u^ mmmm m^s (Blanket) asi 

™"?|0|ffl(6» ia» 5ME^W¥(Strasbaugh) 6CA SOPI Si sa(Rodel) IC1400 K-3¥SE DUE! OlSSfOI fe^lOH ^5§2|6 

eheis 3ns=«°£ aoi-s^a ao^ sas 5.6 psia sia a^; 0 psia hhs a^; 30 rpma aioia ^e; 30 rpma a ^e; 25 -ca se; 
si 240 cc/mma *e-iei ^oistcK cmpoii asH asie ?jioina aa°s¥Ei MJiB o\m aEiea m »«f aa^ys Asmoi s & 

S?13fe 01 ^a aElsa nmSAI 171 ^E(nm/min)« ^io^W. 

a »goii asH eeb 0.3 oioiasa aa aEis mmmm aibis aoinue" sia» ^ion ?i#& 5 §a asiei zi 

^ S S£& aoi ax sj sat Afs^oi ii^s ao^ao. cmpoii a§H aEie snoima aa°s¥Ei xoa aa aEiaa zm # 
i zkTjis *a«oi s a ai^gt aa aEiea nmSAi i» ^e« ^g»ao. 

E ,o ^ A |o,| 10 )|ah iss 2121a # ei ei on doH oi&s asie si aa asisa aD^ ^es pHa »4»sai eais hehmoick e 2b a 
ai onion ai asfi ^ata ^eieioii choh aa asie □ oi^a aEiea ^ai^s pHa b-^sai eais qehhoick 01 p h mm b 
lh xi 10a dei-soi ^oiacfe AKaoii ^mm. 

aAion 2 

350 nma S3 i^fe All El Of SJ» 5.0 gif%S »OIS^0|| S^AIS 5 #a ^ElBIS l^AISCK 6&IEI i4iS SPia 5 1011 U 

aui dKa aa aa aifM(omiE^m stwao. 40 sif%a koh gaj ssam asw p hs io°s sssksick 

teos ast ssreioi a§H Esa 1.0 ofoiaea oi^a asis assn Sfe mss aEia woiih(6" 33m ^me^^¥ oca a 
ddi icuoo k-3¥«e ihe« oissfoi 6P1011 ?\m& a 5 #a #eieis j%^°sl &um%Q. m\ 53a 5.6 psia sia a 

«• 0 DSia bH« a^; 30 rpma EHOIM ^E; 30 rpma 3 ^E; 25 ^ca SE;. Si 240 cc/mina sEIEI ^OlStQ. CMPOII asH aEia fll 

olffla eses¥ei «iaa oi^a aEiea as »«t aaas ^astoi * & ai^gfc oi^a aEiea nmSAi »w ^es ^sotaa. 

tjo^ si 8t s » e0 || o| 5 y E£ @ 0.3 ofoiasa aa aEia mmern afe mss aae woiw siam ^ion 5 3Ha #eiei a 
^ s2sT«5 s» si sae mswoi ^h^^es aowaa. cmpoii asH aaa woin-ia sa°£¥Ei aa asiaa as a 
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430 
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ftiAion 2fe ^bibisoh are 3*s*«d<* ateJia om % trsames 3fc sasoi sea m ^es asi ±jeie en oi&a u 

BIS tiei^S * SlOte AI4IS U&fcSCK 
^AlOtl 3 

40 g g%2 | K0H £Efe 1N HN0 3 S£g*8 350 nm£| £J3§ 3fe 1 g»%3 All HJ 01- SJXf2h 2.0 gg%2| L-£iai SO|S^0|| «61A| 

31 s^a 6 JH21 ^aisjoii :>ng3Es :>ioioi ph« are 6.0, 7.0, 8.0, 9.0, 10.0 si 11.02s asgsiach 

teos a^xii sw m*tm\ 21 §h tse 1.0 owaesi oi^a 4i£iE itii £t «s&! gomce" siam ^§a^w? 6ca a 

DPI SJ SI IC1400 K-3fSE UK Eft 0|go|0| 4P|0|| 2| 5 #2J GBIBIS JHB^HS BDI8WQ. 301 S2g 6.0 psi2| 513 8f 

.>;; 2 0 psi2| tim 83; 40 rpm2| EII0IM ^E; 40 rpm°l 9 ^?E; 20 "C2| SE; % 340 cc/min°| &£|£| ft*OI8Q. CMPOII 2|SH UEIS 

nomsi aa°s¥Ei si»a oitui gieissi g?« asais ^ssioi s g Bi»at oitm ^aiasi nms/H i» ^e« A3«iaa. 

Xlgj =s[ao|| gs(| ££§ 0.3 DM3C'2| Hsl *J£I5 iiii 5fe 4!£IS 9S0|ffl(6" SlSJft #21011 5 ft£| ftSIBI 2| 

2| ffi glel 201 3X1 32 £2S A|go|0| li^£S 20|o|£Ck CMPOII 2|§H ±J£I5 W\W% a2E£¥E| *l|?i@ 121 *J£|g2| gfS El 

thTs =§5ioi s g- i^gfe mm ^eiesi nms/H i» ^e« ^isisck 

£ 3^ ^AIOII 30IIAH Ii§ 2|42| ^SHaiCHI CH6H OltHI ^£15 9! S» ^£ie°l SDI ^E» pH°| EAIff H2HH0IO. E 4b g 

AI Oil 30IIAH I5S ^2f2| 65H£|0II CH5H Hi! ±j£|g □ OI^SI ^£IE°I tmgm pHSI EAIff IlEHHOm. L-H«&!°l SJH^ 1 

SI ^£IE°I 201 ^E« ^^25 S^AISIH, pH SflOII mi ^ES ^£15 CH 0|#5| ^£IS d^Si ^^1 SCffe A^OII 

^^B|£|. 

^ A| 011 4 

5 o ga%2 | EIEILIOW &OIS«^0|| «^A|3I 2 3H°I ^£i£l» S^AI^CK #£1£|g SILfe SP|£| S 20II U&a BI2| aoi 4.0 S9%S| 5? 

3i aes(L-H»a)s ssmsaci-. 30 m&% nh 4 oh ssg^s ^i§ioi ^ #a£isi phm 102s 5§§isc+. 

TEOS S^fll Sl^ SSffflOII 2| §H ESAI2J 1.0 D|0|3g 0\&$t MZm ?>fc MS^! ^£IE ?1IO|ffl(6" 2jS)l ^M£|^U|^ 6CA 3 

DPI D -' SI IC1400 K-H¥ME HE! 0|gS|01 #?|0|| J\&& V 5 S2| ^£|£|S ^Hl^ElS 20|3|SEI. 201 S3§ 5.6 psi°| SI?! gf 
e); o psi°l UHa S^; 40 rpm°| SIOIM ^E; 40 rpm°l 1 ^E; 25 °C°\ SE; % 240 cc/min°| #£|£| ^^01 SICK CMPOII °I§H ^£15 911 
0| JH 2) SS o S¥E1 jgi^a oi<M-» ^£ie°l gfS ytffllS ^§5101 S 8 l>|£|fe 01 US ^£15°) nmSAH XHI» ^ES ^§6|SCI. 

jggf m » gsfgoil 2|§H E5@ 0.3 D|0|3g£| MM ^£15 Ifti Sfe ^£IE 9110101(6" ^l«l ^l^ff 5 S2| #£i£l 4 

sgjs^ o)Q|. §i| gj sag A|-gS|0| JH^SjES goiSISICI. CMPOII 2I8H ^£IE ?4I0IIIH °l SSE£¥H nwE.mm Mz\ms\ <&m # 

? ois^oi ^ssioi a 9 i^afe asf ^£ie°i nm sAi nm ^e« ^gsiaci. aoi ^e u as ^£ie en oi^a ^£issi 
§Pi2i a 2oii uemisia. 



a 2 





oi^a ^£ie sai 


IS! ^£IS m[ + 




%) 


^E(nm/min) 


E(nm/min) 




CH S 

tJA 1=3 


57 


36 


1.6 


L-a«gj(4 


73 


1 


73.0 



aAioii 4b #a£ieoii %j\ mmms\ ej&?\ mm uzm°\ m\ ^es ii^es %±m% cmp ^£i£isi ^msm B^Ai9ita mam 
we, aowi gjAisi sas gfism scfe ai^s UEitaci. 

tfAIOII 5 

S3 S3 350 nmS Sffc A||£|0| 5 §1%, L-51&! 4.0 » »0IS4= 91.0 S»8ffe s£|£l» X|5S|^C|. ^£|£|°l pHfe7. 

soiacKpHa sss^i ?I3H ssi2i ^ Efe g^ife 2isixi asm), mm s^aoii sish esslo oioibehi oi^ii ^£ie Hi Efe o. 

3 0I0I3S2I mm ^£IS iiii ife 6 ejxl siasi MS?i ^£IE WOIBIM SS ICHOO K-3¥^E HUES S-^eI ^S£|^H|? 6CA a 
D p|s 01^5^ 3H^5!ES SOISiaCI 2DI 5.6 psi°l o|gf 0 psi°l BUS gf^; 30 rpm2| Ell 01 M ^E; 30 rpm°l H ^E; 25 

TJ2| SE°S 240 cc/min21 #£|£| ^^OlSiCI. »^ 21S3IS 0|g8|0i 201 2 Efe *0II SM2| ¥1« Al»2£« tfftfi S §SI#2| 
tji-h ^c=s nlAhSI-«D OlAl-S <y£l=2l 39171 ^Efe 540.1 nm/min°S ^§EI2i2, is! ^£I52| 201 ^Efe 1.0 nm/minES ^§£l2i 
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A1AI0B 6 • 

s ggjojg sp| % Sx|g2| StiM S |g| SAI3PI ?|& lijog^| HEIefP-. 350 nm£| S3 SISS Sife AHIEIOI- 1.0 Hi? 

% q j L-H«&!g gois4»oii g^Ai?) ^e-ieib aissiaa. aaiBisi pHfe sss!- ussaoi 8.02s ^ssisacK ^ teos a^a 
gsfaoii £isn ess oi&at seis wmm e^ 8*tgou °\m ess §s seis iiti s>s missi seis biesi snow 21 

n S ( 6 " s|g)S Aeei^go 6EC g D -p| gj £S j | C1400 K -3fSE |Ei 0I881OI SOWHCh 001- 6.0 psi°l Sh2^ Bh«l; 2.0 ps 

lSMffle 40 rpm°l EllOlft ^E; 40 rpm°l 1 ^E; 20 *C2| SE; SJ 340 cc/min£| 6 £121 SMfOiaCK SDf ^Efe 0|&» 6! El SOU d 
SH 471 rim/minOiaa, S3 61 SI SOU CHSH 4.71 nm/min0ISl°ffl. H-EW ^BiSS 1000ISIDK 



g gfsoiiAife sw-oiisi ani-oii hish ph Bfioii a$ nm°i sses^s as aisisoii ^^skm o\asb seis# £B{3es 
sfedi S3RS £W» 4S -sEisi* issfsaa. 

(57) §?2| 191 

»af-3M|3! SOt Oil S|oH 1S2I SSES¥9 §11- SEIS0II ¥<S!8K>I 01 SEISM dBj^ES IXSI-bdl 91 S*. 3l-S^S& 3 

1 OhEJ Si »S28»SS¥E| dS|£lfe M2 Ss^l* S CI- 3>fe $?}| SSga SDH 2JXI-8 SSSte 4=S #E1E|. 

Sffif-5|3||2! B OHM 2|§H 1S2| SSHS¥EH Slf SEIS0II *4!8fPt 0|^» SEISM l^fe SMS Oil 2AOUH, 

SOhg IE, S, SOW SIK 31 fik?!, Si OhBJ Si »£2!!»SS¥E| M2 SP- S?l 0IS8KM 

5?| HSSSoVsfe 2i S&Sfe &a.. 

3. 

seisoii ¥d8K)i oi^a seism mm?\ flmw ohs, sow si ehs^s^ si anaa-^ m&m 3fe a 
see sssfe #eiei« m&&± 93i; si 

#3| #E1E|« S0t§ 1E3 SEI3H S3 S2t SEISES 0|¥01£! M0|°1 BD|- 3j|S0|| EESfb 

• sssfe, SEisa sii- seises oi^oia ^essj m\ &m. 



ES 
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